In the implementation of projects, any individual or group of investors would want to examine the possibilities of identifying risky events and its consequences. This would enable the investors to prioritize the risks associated with the projects to establish a least-to-most critical importance ranking of the projects. Critically ranking projects into risk groups provides insights to the investors as to resource allocation to manage or mitigate the occurrence of high risky activities in the project. Risk assessment is vital in creating awareness on project exposures and negotiating with investors, thus working according to a credible project plan to fund the project. It has therefore become imperative to build reliable risk assessment models to assist project managers in classifying their projects into classes of risk in the course of managing their projects.
Project risk assessment models can be used in discriminating between failed projects and non-failed projects. Traditional optimisation, statistical and econometric analysis approaches often used in risk prediction models, for example the revenue maximizing model [1] , the managers utility model [21] and the satisfying model [11] are often based on the assumption that the considered problem is well formulated and usually consider the existence of a single objective or evaluation criterion [20] . In such a case the solution to the problem is not far-fetched. However in reality, the modelling of such project risk prediction models is based on a dierent kind of logic taking into consideration the existence of multiple criteria, the conicting situation between the criteria, the complex, subjective and ill-structured nature of the evaluation process and the introduction of the decision makers in the evaluation process [2] .
Operation researchers have therefore adopted this innovative, comprehensive and realistic perspective, which overcomes the restrictive framework of optimisation and statistical analysis [13] . An example is for nancial decision problems, such as the choice of investment projects, portfolio selection and the evaluation of business failure risk, it becomes an illusion to speak about optimality since multiple criteria must be taken into consideration [5] . Thus, due to the multi-dimensional character of such decisions, decision makers and operation researchers seek Multi-Criteria Decision Analysis (MCDA) methodologies and system tools to support their decision making processes. The advantages that the MCDA paradigm provides in nancial decision making include the possibility of structuring complex evaluation problems, the introduction of both quantitative and qualitative criteria in the evaluation process, the transparency in the evaluation, allowing good argumentation in decisions and the introduction of sophisticated, exible and realistic scientic methods in the decision making process. Most important of all MCDA enables the Decision Maker to participate actively in the decision making process and supports him in understanding the peculiarities and the special features of the real-world problem that he faces. [22] .
Background to Classication Problems
Classication refers to the assignment of a nite set of alternatives into predened groups.
When considering a discrete decision making problem, there are four dierent kinds of analysis that can be performed in order to provide meaningful support to decision makers: to identify the best alternative or select a limited set of the best alternatives; to construct a rank-ordering of the alternatives from the best to the worst ones; to classify the alternatives into predened homogenous groups and to identify the major distinguishing features of the alternatives and perform their description based on these features (Roy, 1985) . Choice, ranking, classication leads to specic results regarding the evaluation of alternatives. Choice and ranking are based on relative judgements involving pair-wise comparison of the alternatives. Consequently, the overall evaluation result has a relative form, depending on the alternatives being evaluated. For instance, an evaluation result of the form product X is the best of its kind is the outcome of relative judgements, and it may change if the set of products that are similar to product X is altered (Doumpos & Zouponidis, 2004 ). On the contrary, classication problems are based on absolute judgments. In this case, each alternative is assigned to a specic group on the basis of a pre-speicied rule.
The denition of this rule, usually does not depend on the set of alternatives being evaluated. For instance, the evaluation result product X does not meet the consumer needs is based on absolute judgements, since it does not depend on the other products that are similar to product X [20] .
One of the most well-known classication problems is the bankruptcy risk evaluation problem used by Doumpos & Zouponidis (2004) in the prediction of rms into healthy and non-healthy rms. This refers to problems where the groups are dened in an ordinal way, since it is obvious that the healthy rms are in a better situation than the bankrupt ones.
Therefore classication problems do not only provide a simple description of the alternatives, but it also incorporates additional preferential information, which could be of interest to the decision making context. Thus in classications, the groups are dened a priori and the analyst knows in advance what the results of the analysis should look like.
Problem Domain
Investors that examine the possibility of funding a project or knitting up the activities in the project to arrive at a decision on how viable the projects are, would be interested in its performance and means of predicting any possible problems that the project may face.
In the course of managing a project, project distress may lead to the failure of a project.
Operations researchers have explored this issue from dierent points of view considering the dierent forms of project distress including Project failure has a negative eect on organizations and project managers, as investors might lose trust in funding future projects. 
Research Question
What is an appropriate classication method for the decision maker to develop a classication model which represents his preferences and decision policy?
Aim
The aim is to build a classication model for project risk classication problems and to predict projects into risk categories. In classication problems, such as the assessment of bankruptcy risk, credit granting, country risk assessment, venture capital investments, portfolio selection and management, ranking a set of alternatives (i.e. rms, credit applications, countries, investment projects ) from the best one to the worst one, does not necessarily provide a solution to the examined problem. In such cases, it would be more appropriate to sort the alternatives into homogenous predened classes (i.e. bankrupt and non-bankrupt rms) in order to derive suitable decisions concerning the nancing of a rm or a country, the granting of credit application or the implementation of an investment project [18] . The classications are done based on critieria using information derived from the projects portfolio.
Objective
The paper has three (3) objectives. In contrast to the paper on Project Outcome Classication with Imprecise Criteria Information, this paper would explore the use of a Critical path analysis method to identify the risk levels of the projects to present a platform for decision making to the managers of SIDA. Since the case of study in this paper does not have a prot making objective, but an activity risk level objective, the critical path analysis method would resolve the overlapping problems of project criteria and present clear information on the risk level of the three projects of study in this paper. This would futher present a predened classication scheme for use in the UTADIS to develop a Multi-Criteria Decision Model for forecasting future project data into risk levels.
Other researchers in the paradigm of Multi-Criteria Decision Analysis have attempted to solve the problem of imprecision in decision making for classication problems, however the focus has been imprecision on the weights of the criteria [14] [6] . Amongst the methods used for classication problems, the ELECTRE TRI and UTADIS are the useful and ecient ones among them [14] . The decision maker's dilemma in this paper is a classication problem which requires methods which would solve the problem of overlapping activity or criteria values, classify the projects on risk levels and build a classication model for classifying current and future projects. This calls for methods which would provide the managers with
an idea of what the risk level of the projects are before the classication process is carried out. Notable amongst previous research that has researched into classifying problems for decision makers is the work of Sergio Davalos et. al in the Bankruptcy classication of rms investigated by the US Securities and Exchange Commission [3] in which the authors used an evolutionary computing method and genetic algorithm, to generate an optimal set of if-then rules for bankruptcy classication of Accounting and Auditing Enforcement Release rms, the prediction of business failure using the UTADIS method [19] The case of study in this paper would explore the use of the UTADIS method in presenting a Multi-Criteria Decision Model for classifying project risk levels. However, this paper would improve on the UTADIS method by using the critical path analysis method for the predened classications of the UTADIS method. The weakness in the use of the UTADIS method by the authors stated above is that the decision makers in predening the classication for use in the UTADIS method for example, make the predened classication decisions on some reference set according to their own subjective preference. The SIDA managers in the case of study in this paper would require a method to help them to know the risk information of the projects for predened classication as the subjective ways of doing this may be misleading. Moreover, a variation of the weights as done by other authors stated above using the ELECTRE TRI method is of less relevance to this paper since the UTADIS method works out the required weights of the criteria in the Multi-Criteria Decision Model.
Methodology
The MCDA methodology that is used for the prediction of project failure originates from the preference disaggregation approach [7] . The preference disaggregation approach refers to the analysis of the global preferences of the decision maker in order to identify the criteria aggregation model that underlies the preference result. Preference disaggregation analysis uses common utility decomposition forms to model the decision maker's preferences and uses regression based techniques. With preference disaggregation analysis, the parameters of the utility decomposition model are estimated through the analysis of the decision makers overall preference on some reference alternatives. The problem is then to estimate a utility function (usually additive) that is as consistent as possible with the known subjective preferences of the decision maker [22] .
In this paper, because we would want to minimise the misclassication errors between the subjective preferences of the decision maker and the utility function generated with the MCDA method, the subjective preferences of the decision maker which is fed into the MCDA method(UTADIS) as predened classication would be guided with critical path analysis method instead. In this way, a more scientic and methodological way of estimating the decision makers preferences can be established and thus proceed with the UTADIS method to estimate the utility function and the utility threshold that classify the Any task that is not on the critical path has some scheduling exibility in that it may be delayed without increasing the length of the project. The amount of delay that a task may take on without increasing the length of the project is called the slack of the task. It follows then that all tasks on the critical path have zero slack [15] .
The slack of an activity is the dierence between its latest nish time (LF ) and its earliest nish time (EF ), or the dierence between the latest start time (LS) and the earliest start time (ES)
It is common that although a task may have slack, delays in the task will cause delays in tasks that succeed it, even though the length of the project is not aected. Certain tasks, however (those on the last end of a sequence) may be delayed without causing delays in the project or in any other tasks. These tasks are said to have free slack. The free slack that a task may have is always less than or equal to its slack [15] . The early start of any task is the earliest date that it can begin, and its early nish is its early start plus its duration. The late start of any task is the latest date that it can begin without delaying the length of the project. That is, the date that the task can begin if it has been delayed until its slack has been exactly used up. The late nish of a task is its late start plus its duration [15] There are software packages to deal with all the data needed to develop schedule information and then to monitor the progress of the project. This paper would use Schedule a critical path method software developed by Power Angle Software inc. to build it's network . Let's assume project Alternative 1 with the following project activities or criteria:
Activities A(4 days) and B(5 days) can start simultaneously.
Activities C(4 days) can begin once activities A and B are complete Activity D(3 days) can begin once activity B is complete Activity E(1 day) ends the project and can begin once activities C and D are complete 
Classication model MCDA method -UTilités Additives DIScriminantes(UTADIS)
Given a predened classication of the alternatives(projects) in classes guided by the critical path analysis method, the objective of the UTADIS method is to estimate an additive utility function and the utility thresholds that classify the alternatives in their original classes with the minimum misclassication error [7] In this paper, this objective has been boosted by the fact that the predened classication of the alternatives(projects) in classes in the reference set would be guided empirically using the critical path analysis method as compared to the subjective ways of classifying in the reference set in other papers. The estimation of both the additive utility function and the utility thresholds is accomplished through linear programming techniques.
If g 1 , g 2 , . . . , g m is a consistent family of m evaluation criteria and A = a 1 , a 2 , . . . , a n set of n alternatives to be classied in Q ordered classes C 1 , C 2 , . . . , C Q which are dened as priorities in the following way C 1 , P C 2 , . . . C Q−1 , P C Q where P denotes the strict preference relation, between the classes.
The global utility U(a) of an alternative a ∈ A is of an additive form: , j = 1, 2, . . . , a i − 1 where a i is dened by the decision maker as the number of estimated points for every marginal utility u i . Each point g j i can be calculated using linear interpolation [22] .
The aim is to estimate the marginal utilities in each of these points. Suppose that the evaluation of an alternative a on criterion i is g i (a) ∈ g 
Supposing that the preferences of the decision maker on each one of the evaluation criteria are monotone, the following constraint must be satised [20] :
The monoticity constraints can be converted into non negativity constraints through the following transformations [18] : 
The misclassication errors:
The misclassication errors are accessed based on the global utility U (a) and the utility thresholds: 
The assesment of both the marginal utilities U i [g i (a)] and the utility thresholds U k , is achieved by linear programming [18] M inimizeF =
Where δ is a small positive real number used to ensure the strict inequality of U (a) to U k−1 ( ∀a ∈ C k , K > 1) and U Q−1 (∀a ∈ C Q ). The threshold s is used to denote the preference between the utility thresholds that distinguish the classes (s > δ > 0).
Sensitivity Analysis:
The optimal solution F * achieved by solving the linear program:
is examined by through a post-optimality analysis. The aim is to nd, if possible, multiple or generally near optimal solutions corresponding to error values lower than
where k(F * ) is a small portion of F * . Therefore, the error object is transformed into a new constraint of the type [5] :
The new objective is thus to maximize and minimize the marginal utilities of each criterion and the utility thresholds U k [4] . In this way the sensitivity analysis of the marginal utilities of the criteria is achieved, and at the same time one can have an idea of the sensitivity of the utility thresholds:
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The rst two of the sums in the post-optimality analysis represents the marginal utilities of each criterion. Therefore, it is used to examine the sensitivity of the criteria's marginal utilities. On the other hand, the second sum is used to examine the sensitivity of the utility thresholds. Thus by maximizing and minimizing both the marginal utilities of each criterion and the utility thresholds, a range is dened within which there is an optimal or near optimal solution [17] 3.5 Connection between Critical Path Analysis and UTADIS method
The UTADIS method requires a predened classication of the alternatives in classes [4] .
In this paper, the managers of the case of study requires information the risk level of the projects. This calls for the implementation of the Critical Paths Method on the scheduling data presented in Appendix A. The project risk information obtained from the critical path method thus guides the managers in their predened classication which serves as inputs for the UTADIS method to estimate an additive utility function and the utility thresholds that classify the alternatives in their original classes with the minimum misclassication error.
Data
The data used in this paper is obtained from the Swedish International Development Agen- 
Research Ethics
Since this paper did not have to conduct interviews the need did not arise for the documentation of questionnaires and informed consent sheet. However, as researchers, we assigned references to our data sources and as the data is open source, we are of the view that the originators of the data source are wide aware of its use for research purposes. It can be seen from the diagram in Figure 5 that Project QUISP has 10 critical paths, which are the nodes colored red with the exception of the start project and end of project nodes. Table 2 below shows the data that was used in arriving at the critical paths of Figure 5 .
The data was obtained by calculating the number of days assigned to each activity from the project QUISP data schedule as shown in attached Appendix A In gure 7, project ECS has just 1 critical path, the node colored red with the exception of the start and end of project nodes. Table 4 below shows the data that was processed to arrive at the critical path diagram in gure 7. The data was extracted from the project ECS data schedule in the attached appendix A 
Predened Classication guided by Critical path analysis
It is observed from our critical path analysis that Project QUISP has 10 critical paths, ECC has 9 critical paths and ECS has just 1 critical path. 
UTADIS METHOD CLASSIFICATION
As explained under section 3.2, given a predened classication of the alternatives (projects) in classes guided by the critical path analysis method, the objective of the UTADIS method is to estimate an additive utility function and the utility thresholds that classify the alternatives in their original classes with the minimum misclassication error [17] .
The projects are considered the alternatives and the activities which go into the scheduling of the projects form the criteria. The data values for the criteria are the addition of the schedules that forms the criteria in a particular project. After a careful analysis of the activities or criteria of the three projects, ve commom criteria is identied for all three projects and the scheduling days for all ve critieria of the three projects is aggregated. This forms the data for the predened classication of the UTADIS method with the predened ranking from the critical path analysis as shown in table6 below: 0.0817u 1 (g 1 ) + 0.1777u 2 (g 2 ) + 0.0817u 3 (g 3 ) + 0.1747u 4 (g 4 ) + 0.3095u 5 (g 5 ) + 0.1747u 6 (g 6 )
Where the coecients represent the relative importance of the criteria or the weights of the criteria. This model can thus be applied in the classication of projects into risk classes. The
Managers at SIDA can thus assess the risk impact of their projects and allocate resources eciently in the execution of these three projects. Project failure can be avoided where necessary because the paper presents a detailed information in the predened classication process on which activities are critical to the success of the considered projects and more attention can be allocated to these activities which have a high rate of failure. As the risk levels and risky activities in the projects are known, the managers at SIDA can strategise to if possible avoid some of the activities which present a high rate of failure to project QUISP for example which recorded the highest risk estimate.
Conclusion and future studies
The primary objective of this paper is to create a Classication model for Multi-Criteria
Decisions and to minimize the misclassication errors. The paper considered three projects, 
